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Exciting atomic oscillations with light is a powerful technique to control the electronic properties of
materials, leading to remarkable phenomena such as light-induced superconductivity and ultrafast
insulator to metal transitions. Here we show that light-driven lattice vibrations can be utilised
to encode efficiently spin information in a magnetic medium. Intense mid-infrared electric field
pulses, tuned to resonance with a vibrational normal mode of antiferromagnetic DyFeO3, drive the
emergence of long-living weak ferromagnetic order. Light-driven phonon displacements promptly
lower the energy barrier separating competing magnetic states, allowing the alignment of spins to
occur within a few picoseconds, via non-equilibrium dynamics of the magnetic energy landscape.
The ability to encode spin information with min-
imal energy dissipation is of great scientific and
technological interest [1]. In magnetoelectric mate-
rials, controlling spins via strain and electric fields
becomes viable, providing an energy-efficient route
towards information recording [2–5]. Recently, se-
lective excitation of elementary vibrations of the
crystal lattice (phonons) by ultrashort pulses of
light has emerged as a novel, low-energy route to
control material properties, extending strain en-
gineering to the ultrafast timescales [6–12]. Al-
though pioneering experiments have demonstrated
that driving optical phonons can affect mag-
netism [13, 14], no switching of the spin orienta-
tion and light-induced magnetic symmetry break-
ing has been shown so far. Ultrafast magnetic
switching is a thriving field but its main focus un-
til now has been the excitation of spin dynamics
via electronic absorption [15, 16]. Here we investi-
gate light-induced magnetism in dysprosium ortho-
ferrite (DyFeO3), a magnetoelectric material with
one of the strongest interactions between spins and
the crystal lattice [17, 18]. We show that a sub-ps
pulse of an intense mid-infrared electric field, tuned
to resonance with a phonon mode, drives a co-
herent spin-reorientation within a half-cycle of the
spin precession, developing long-living weak ferro-
magnetic order. Light-induced magnetism emerges
∗ equal contribution
via a non-equilibrium metastable route, inaccessi-
ble via a thermodynamic transformation. We show
that phonomagnetism originates from ultrafast lat-
tice control of the anisotropic exchange interaction.
The magnetic insulator DyFeO3 crystallizes in
a perovskite orthorhombic structure and exhibits
antiferromagnetic spin order set by the Fe-Fe
isotropic and the Fe-Dy anisotropic exchange in-
teractions [19]. The anisotropic exchange results in
the spin reorientation transition, in which the di-
rection of the magnetic easy-axis for the iron spins
changes between y- and x-crystal axis upon cross-
ing the Morin point (TM=51 K) [20]. The reori-
entation is accompanied by a change in magnetic
symmetry, from a purely antiferromagnetic state
(AFM), to a weakly ferromagnetic state (WFM)
characterized by the emergence of a net magne-
tization M (supplementary text S2). The Morin
transition in DyFeO3 is of the first-order and is
heavily influenced by the nucleation processes re-
sulting in a very narrow temperature hysteresis.
The spin-reorientation is described by the mag-
netic anisotropy energy F which depends on the
temperature and the angle φ the spins form with
the y-axis [21]. In a broad temperature range
this potential features two characteristic minima
at 0◦ and 90◦ (see Fig. 1) signaling two ordered
states [22]. The height of the kinetic barrier sep-
arating the two competing states, as well as their
relative energy, is controlled by the strength of the
Fe-Dy exchange. This interaction is strongly sensi-
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2Figure 1. Phonon-driven reconfiguration of the magnetic potential. (A) Schematics of the magnetic
potential F as a function of the angle φ the spins form with the y-axis before (dashed black) and after (solid
orange) phonon excitation. For simplicity the schematics is shown only for the AFM phase (T < TM). The
magnetic configurations corresponding to the AFM and WFM phases are depicted by the red and blue arrows
situated in the xy-plane. The orange arrow highlights the destabilization of the AFM ground state together
with the reduction of the kinetic barrier separating the phases. The eigenmode of the laser-excited B1u lattice
vibration is shown schematically. The orange/green/grey spheres are Fe3+/O2–/Dy3+ ions. The experimental
set-up is depicted by the optical path of the linearly polarized mid-infrared pump and infrared probe pulses. The
pump pulse is reflected from the parabolic mirror and steered to the sample. (B and C) Time-resolved transient
rotation of the probe polarization plane after light excitation with photon energy of 85 meV (orange traces) and
165 meV (black traces) performed in the AFM (B) and WFM (C) phases. The bottom insets show the FFT
spectra of the soft mode oscillations. The top insets are schematics of the corresponding spin precessions. (D)
Central frequency of the excited soft mode as a function of the photon energy of the pump pulse in the two
magnetic phases. The solid lines serve as a guide to the eye. The background, shaded, curve shows the sample’s
optical density measured using FTIR absorption spectroscopy.
3Figure 2. Ultrafast dynamics of the soft mode frequency. (Top panel) Trace of the spin precession dynamics
excited in the WFM phase. The solid lines are sine fits to extract a time varying frequency f . (Bottom panel)
The resulting dynamics of the frequency f as measured in the AFM (red) and WFM (blue) phases. The solid
lines are guides to the eye. Inset: Relaxation time of the frequency across TM (yellow markers) imposed on the
decay time of the spin precession (black markers).
4tive to changes in the crystal environment, both via
direct modulation of the Fe-Dy electronic overlap
and changes in the orbital state of the rare-earth
4f multiplet [23, 24]. In our study, we consider
light-induced oscillations of atoms driven far from
their equilibrium positions to manipulate the mag-
netic energy landscape [25, 26] in order to realize
the lattice control of the spin arrangement on the
ultrafast timescale.
In our experiments we investigate spin dynam-
ics in single crystals of z-cut DyFeO3. The light-
excitation is provided by an intense (electric field
in excess of 10 MV/cm), phase-locked mid-infrared
impulsive source (250 fs, 1 kHz), tunable in a broad
photon energy range from 65 to 250 meV. This
energy range covers the broad absorption peak of
the highest frequency B1u infrared-active phonon
mode, associated with periodic stretching of the
Fe-O bonds, see Fig. 1a and Fig. S4,S5. The
ensuing spin dynamics is measured, in a conven-
tional pump-probe scheme, by tracking the polar-
ization rotation, imprinted by the magneto-optical
Faraday effect, on co-propagating near-infrared
probe pulses at the photon energy of 1.5 eV. In
our experimental geometry, the Faraday rotation
probes the magnetization dynamics along the nor-
mal direction. Importantly, the frequency f of
the antiferromagnetic spin precession mode (the
soft mode of the Morin phase transition), informs
us on the local curvature of the magnetic poten-
tial, according to the relation f2 ∼ ∂2F∂φ2 |φ=φ0 ,
both in the AFM (φ0 = 0◦) and WFM (φ0 =
90◦) phases [27, 28].
Figure 1c and 1d show light-induced dynamics of
the Faraday signal in the AFM and WFM phases
revealing coherent oscillations, corresponding to
spin precession around their respective equilibria.
These dynamics are induced by pump pulses tuned
in resonance with the lattice vibrational mode (85
meV). As a control experiment, we excite magnon
oscillations via impulsive stimulated Raman scat-
tering (ISRS) [22, 29] using pulses (165 meV) tuned
away from lattice or electronic resonances. These
conventional time-domain spectroscopy measure-
ments serve as a probe of the curvature of the equi-
librium potential.
A comparison of the Fourier spectra (insets in
Fig. 1b and 1c) reveals that the frequency of the
spin precession excited by pulses in resonance with
the lattice mode is shifted as compared to the
equilibrium value given by the ISRS driven ref-
erence. The sign of the shift ∆f depends on
the initial magnetic configuration, being red in
the AFM phase and blue in the WFM phases.
To underscore the resonant character of the fre-
quency shift we tune the photon energy of the
pump pulse across the phonon resonance and ex-
tract the central frequency of the spin oscillations
(Fig. 1d). The data acquired in both magnetic
phases show that the onset of the frequency-shift
follows closely the spectrum of the linear absorp-
tion of the B1u phonon mode, revealing a correla-
tion between light-driven lattice and spin dynam-
ics. These non-linear dynamics of the magnetic
soft mode contain important information on the
effects of phonon-pumping on the magnetic poten-
tial. The red shift indicates a flattening of the
potential energy in vicinity of the AFM minimum
(φ = 0◦), which may lead to a phase instability.
The blue shift observed in the WFM phase points
at an increased curvature and phase stability in
vicinity of the WFM minimum (φ = 90◦).
Time-resolved Fourier analysis indicates that the
change in frequency occurs within a half-cycle of
the first oscillation, defining an upper bound for
the phonon-driven changes in the magnetic poten-
tial of about 5 ps. This value is nearly one or-
der of magnitude smaller than the one reported
for optical pumping of the d-d electronic transi-
tions [28]. Thus, the observed ultrafast response
excludes heat-driven spin-lattice relaxation as the
origin of the initial kinetics. Remarkably, the
change in frequency persists for a time exceed-
ing significantly the precession period, as shown
in Fig. 2. We note that the relaxation time τ (in-
set Fig. 2) and its temperature dependence closely
follow the characteristic equilibrium decay time of
the spin precession (Fig. S8).
As shown in Fig. 3a, measurements of the fre-
quency of the magnetic mode as a function of tem-
perature reveal a cusp-like evolution in proxim-
ity to TM, in close agreement with Ref. [30]. In
contrast, the frequency of the phonon-driven os-
cillations at TM is characterized by a pronounced
discontinuity of more than 50 GHz and frequen-
cies well below the minimum value attainable at
equilibrium. From the analysis of the tempera-
ture dependence of the phonon frequencies, we
map out the magnetic potential F (see supple-
mentary text S4 for details) before (t < 0) and
after (t > 0) laser excitation, see Figure 3b. Im-
portantly, phonon-pumping significantly increases
the energy of the AFM state simultaneously low-
ering the kinetic barrier, such that close to TM the
AFM phase may lose its stability.
The observation of light-induced metastability
and the lowering of the kinetic barrier indicate that
phonomagnetism can be used to promote an ul-
trafast spin-reorientation and drive a transforma-
tion from the AFM phase to the WFM phase (in-
5set Fig. 4a). In order to explore this scenario we
perform time-resolved measurements of the mag-
netization dynamics for a set of progressive pump
fluences in vicinity of TM, as shown in Figure 4a.
Two distinct regimes are observed above and below
a critical fluence Ic ' 10 mJ/cm2 (see Fig. 4b). For
pump fluences below Ic the pump drives a nearly
harmonic response of spins mainly influencing its
amplitude and frequency. However, upon exceed-
ing the value of Ic, the course of the magnetiza-
tion dynamics changes dramatically. A long-lived
(>250 ps) offset, odd parity with respect to the sign
of the applied field, develops within nearly a half-
period of the spin precession(<5 ps), marking the
coherent emergence of a transient magnetization
∆M . As the temperature is varied, it becomes ap-
parent that the magnetisation peaks nearly at TM
and completely vanishes for T > TM (see Fig. 4c).
The presence of a well-defined fluence threshold,
as well as the observation of the photo-induced
macroscopic magnetization inherent to the WFM
phase, are clear signatures that phonon pumping
drives the coherent reorientation of spins accom-
panied by a change in the magnetic symmetry.
The phenomenological model indicates that all
the observed dynamics are governed by phonon-
induced changes in the strength of the Fe-Dy ex-
change (see supplementary information). We also
use density functional theory calculations (see sup-
plementary text S4) to model microscopic non-
linear lattice dynamics and find that Ag Raman
distortions (a combination of antipolar Dy mo-
tions and oxygen octahedra rotations) have the
strongest symmetry-allowed coupling with the B1u
mode excited at resonance. Time-resolved mea-
surements of the reflected probe pulse at twice
the incident energy (second harmonic generation)
are sensitive to structural dynamics (see supple-
mentary text S4B) and are consistent with the
non-linear excitation of these low-energy modes.
Our calculations further indicate that a lattice dis-
tortion with the symmetry of the Ag mode can
strongly perturb the Fe-Dy exchange, underscor-
ing a good agreement between the phenomenolog-
ical and the microscopic model.
In Fig. 4d we compare the spin-reorientation
transition obtained in DyFeO3 via conventional
photomagnetism (excitation with photon energy
2.3 eV, above the material’s band gap) with the
phonomagnetism discussed here. We note that the
photomagnetic response leads to the development
of a net magnetisation on a time scale of 100 ps,
consistent with a laser-induced heating of the elec-
tron, lattice and the rare-earth spin system [28]. In
contrast, the phonomagnetic route develops light-
induced magnetism within a half cycle of the spin
precession, below 5 ps. This time scale points at
phonon-induced atomic displacements and recon-
figuration of the anisotropic exchange interactions
as the driving force of the spin alignment.
By optical pumping of lattice vibrations we have
investigated a new route to reshape magnetic po-
tentials and initiate ultrafast magnetic transitions.
Using a phenomenological description and first-
principles calculations we have demonstrated that
the mechanism is based on a lattice-driven change
of the magnetic anisotropy (exchange interaction
between rare-earth and transition metal ions). We
anticipate that a similar mechanism will be active
in other magnetic materials featuring anisotropic
interactions such as rare-earth based compounds
(manganites, vanadates and orthochromites) and
type-II multiferroics [31, 32]. Our findings high-
light new avenues for the manipulation of ferroic
order on ultrafast timescales and provide a new
platform for magnonics.
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Reconstructed magnetic potential before t < 0 (dashed black) and after t > 0 (solid yellow) the phonon-pumping.
The position of the red ball represents the energy state of the system.
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7Figure 4. Ultrafast phonon-induced magnetic phase transition. (A) Time-resolved dynamics of the
Faraday rotation θF close to TM for various fluences of the pump. Inset: Schematics of the ballistic reorientation.
(B) Amplitude of the photo-induced magnetization ∆M as a function of the pump fluence. (C) ∆M as a function
of the sample temperature for fluences above (blue curve) and below (red curve) the threshold Ic. (D) A direct
comparison of the dynamics of the magnetization initiated by a pump pulse with above-bandgap photon energy
and in resonance with the phonon mode.
8MATERIALS AND METHODS
S1. EXPERIMENTAL SETUP
The intense pump pulses with wavelengths in the mid-infrared (MIR) spectral range used in this experi-
ment, were generated via difference frequency generation (DFG) in a GaSe crystal using the output beams
of two commercially available, independently tunable optical parametric amplifiers (OPAs) integrated into
a single housing (Light Conversion, TOPAS-Twins). The OPAs were pumped by a commercially available
amplified Ti:Sapphire laser system (Coherent, Astrella) delivering pulses at a 1 kHz repetition rate with
a duration of 100 fs and a photon energy of 1.5 eV. The OPAs were seeded by the same white light
generated in a sapphire crystal, which ensures separately tunable, but phase-locked output pulses [33]
with photon energies in the range of 0.45 to 1 eV. As a result, when the pulses are mixed in the GaSe
crystal, the generated MIR pulses are carrier envelope phase (CEP) stable [34], linearly polarized and
their energy lies in the range from 65 to 250 meV with an average pulse duration of around 200 fs. In
the experiments, the mid-infrared pulses were focused onto the sample surface to a spot with a diameter
of about 150 µm, using an off-axis parabolic mirror. The scheme of the setup for generation of the MIR
pulses (MIR converter) is shown in Fig. S1A. The experimental geometry employed for measuring pump-
induced dynamics is shown in Fig. S1B. The polarization rotation θR of the linearly polarized probe pulse,
imprinted by the magneto-optical Faraday effect, was measured with the help of a polarization bridge
(Wollaston prism) and a balanced photodetector. The pump-induced changes to the crystal symmetry of
DyFeO3 were monitored via time-resolved measurements of the reflected probe pulse at twice the incident
energy (3.1 eV), detected in the reflection geometry.
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Figure S1. Experimental setup (A) Schematic overview of the experimental setup (MIR converter) used to gen-
erate intense MIR transients from the near-infrared ultrashort light pulses. (B) A schematic representation of the
experimental setup described in the methods section of the main text. BS-beam splitter, RR-gold retroreflector
mounted on a motorized precision delay stage, PM-parabolic mirror, WP-Wollaston prism, D1,2-silicon photode-
tector, N and S define the poles of the resistive magnet placed inside the cryostation, PMT is a photomultiplier
tube used for detection of the second harmonic signal at double the probe photon energy.
9SUPPLEMENTARY TEXT
S2 FIRST-ORDER SPIN REORIENTATION PHASE TRANSITION OF THE MORIN TYPE
IN DyFeO3
A. Phase diagram of the phase transition
Below the Néel temperature TN = 650 K, the Fe3+ spins in DyFeO3 are ordered antiferromagnetically.
The magnetic phase diagram of DyFeO3 includes a collinear antiferromagnetic (AFM) phase with the
spins oriented along the y-axis and a weakly ferromagnetic (WFM) phase with the spins oriented along the
x-axis [35]. The AFM phase is stabilized at low temperatures (T < TM = 51 K) and can be transformed
to the WFM phase either by an increase in temperature or by application of an external magnetic field
applied along the z-crystallographic axis.[20] The transition between the phases proceeds as a first-order
phase transition. The measurements of the static Faraday rotation as a function of the applied magnetic
field B for various temperatures T shown in Fig. S2A reveal the phase diagram of the magnetic states.
The phase transition demonstrates a very narrow (<0.2 K) temperature hysteresis [36–41]. In Refs. [37,
40] it was assumed that this nearly hysteresis-free character of the transition arises from a high sensitivity
of the spin-orientation phase transition to lattice deformations and imperfections of the crystals. These
factors contribute to prompt nucleation of the new magnetic phase, once the energy balance is altered,
making the hysteresis extremely narrow in vicinity of TM.
B. Free energy potential of the phase transition
The spontaneous spin-reorientation transition in DyFeO3 in zero magnetic field is governed by the
magneto-crystalline energy:
F (φ, T ) =
1
2
K2(T ) cos
2 φ− 1
4
K4 cos
4 φ, (S1)
which depends on the temperature T and the angle φ that the spins form with the y-axis [21, 30]. The
magnetic anisotropy parameters K2 and K4 originate from the temperature-dependent K2 exchange
interaction between the iron and dysprosium ions and the temperature-independent magnetic anisotropy
of the iron ion K4.
Figure S2b shows that the relative energy of the AFM and WFM phases ∆F (∆F < 0 when the energy
of the AFM phase is lower than that of the WFM) as well as the height of the kinetic potential barrier
∆FB is controlled by the ratio of the two positively defined phenomenological parameters K2 and K4. We
note that this potential cannot account for the hysteresis-free character of the phase transition and rather
represents the free-energy potential of a single nucleus. The adiabatic phase changes in the equilibrium
are governed by the ∆F value and not by the height of the kinetic barrier ∆FB.
C. Relation between the curvature of the magnetic potential and frequency of the soft mode
spin precession.
Using the equilibrium magnetic potential F (φ, T ) (Eq. S1), the frequency of the antiferromagnetic spin
precession f , the soft mode of the phase transition, in the AFM (T < TM, φ0 = 0◦) and the WFM
(T > TM, φ0 = 90◦) phases can be obtained from:
ω2
ωexc
=
γ
M0
∂2F
∂φ2
∣∣∣∣
φ=φ0
=
γ
M0
·
{
−K2 +K4, φ0 = 0◦
K2, φ0 = 90
◦ . (S2)
Here, ω = 2pif , with ω and f the angular and regular spin precession frequency respectively. ωexc is
the so-called exchange frequency, defined as the angular frequency of the spin precession in the exchange
field Hexc of the magnet, such that ωexc = γHexc, where γ is the gyromagnetic ratio. M0 = 52gµB/
Vu.c.
4
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Figure S2. Spin-reorientation transition of Morin type in DyFeO3. (A) Phase diagram of the magnetic
states of DyFeO3 as a function of the magnetic field B applied along the z-axis and temperature T as measured
using the static magneto-optical Faraday effect. (B) The energy profile of the magnetic potential vs. angle φ for
three different ratios of the constants K2 and K4, corresponding to the stable AFM state: K2K4 = 0.39 (1, T < TM),
the Morin point: K2
K4
= 0.5 (2, T = TM), and the stable WFM state: K2K4 = 0.61 (3, T > TM) phase in equilibrium.
The red and blue ball depict the system’s ground states.
is the saturation magnetization of a single Fe3+ sublattice, given by the g-factor and Bohr magneton
µB divided by the unit cell volume Vu.c. containing 4 iron ions. Comparing the potentials depicted in
Fig. S3A, one can see that upon transition from the AFM to WFM phases softening of the frequency in
vicinity of the TM (Fig. S3B) is caused by flattening of the potential function at the AFM minimum. We
note that complete flattening, manifested by the frequency going to zero, does not occur in equilibrium,
see the dashed line in Fig. S3B. This is because as the temperature is increased to T > TM the nucleation
process transfers all the phase to the energetically more favorable WFM minimum (φ0 = 90◦). The
similar situation occurs with the WFM minimum when TM is approached from above.
11
2 0 4 0 6 0 8 0
1 0
2 0
3 0
4 0
- 4 5 0 4 5 9 0 1 3 5- 8
- 4
0
4
8
A
Fre
que
ncy
, 10
-3  f 
2  (T
Hz2
)
T e m p e r a t u r e  ( K )  ( d e g )
Ene
rgy
, F 
(µe
V/u
.c.)
B
M e t a s t a b l eM e t a
s t a b
l e
M e t a s t a b l e
n o t  p r e s e n t  
i n   e q u i l i b r i u m
T < T M
T > T M
Figure S3. Correspondence between the shape of the potential and frequency of the soft mode. (A)
Evolution of the magnetic potential with temperature (direction from low to high temperatures are denoted by
the arrows) across the Morin temperature. The position of the solid ball indicates the system’s ground state.
The position of the open ball indicates the system’s metastable state that is not present in equilibrium due
to dominance of the nucleation processes. (B) Squared frequency of the soft mode precession as a function
of temperature. The dashed lines denote frequencies of the spin precession in the metastable state which are
not realized in the equilibrium. The balls indicating the ground state in (A) are mapped on the temperature
dependence to match the frequency with the potential and the ground state.
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S3. LIGHT-INDUCED EXCITATION OF COHERENT SPIN PRECESSION
A. Crystal structural and absorption spectrum of DyFeO3
DyFeO3 crystallizes in a perovskite orthorhombic structure (Pnma space group). Its crystal structure
is shown in S4a. In our experiments, the ultrashort MIR pulses were tuned in resonance with the highest-
frequency, nearly-degenerate B1u and B3u phonon modes. The atomic motion comprising these phonon
modes are shown in S4b,c. The electric field of the ultrashort pulses (travelling in the z-direction) can
couple to these modes, which have their dipole moment in the x-y plane.
Figure S4. Structure and optical phonon modes. (A) Crystal structure of DyFeO3. Grey/green/orange
spheres represent dysprosium/iron/oxygen atoms. (B and C) Polar component of the eigenvectors of the highest-
frequency infrared-active B1u (B) and B3u (C) phonon modes.
In order to understand and compare the effect of excitation with pump pulses with a different photon
energy, we studied the steady-state absorption spectrum of DyFeO3. For the infrared wavelengths, the
total transmission of the sample was measured using a Nicolet 6700 Fourier transform infrared (FTIR)
spectrometer, which led to the loss function in Fig. S5 (left panel). At higher energies, the absorption of
the sample shown in the right panel of Figure S5 was determined using a white light source and a set
of Oceanview spectrometers. The broad absorption peaks below 2.0 eV are due to Fe3+ d-d transitions,
while the onset of the large peak at high energies is due to charge-transfer excitations. [42]
B. Dependence on photon energy of the pump pulse
To study effect of the pump photon energy on the excitation of the coherent spin precession, we
tuned the photon energy of the pump pulse across the phonon resonance and extracted the amplitude
of the spin oscillations, see Fig. S6. The volume of the sample which is probed or excited is defined
by the penetration depth of the incident light. This quantity is strongly dependent on the photon
13
Figure S5. Optical absorption spectrum of DyFeO3. Loss function and optical absorption for the 60 µm
thick (001) DyFeO3 sample in a broad energy range. The B1u and B3u phonon modes are nearly degenerate and
dominate the loss function at energies below 0.15 eV
energy. The dependency is especially pronounced in vicinity of optical resonances such as formed by the
absorption of the infrared-active phonon mode. At these energies, the penetration depth of the incident
light is significantly decreased. In our experiment the photon energy of the probe light remained constant
throughout all measurements, implying that the probed volume is also constant. The pump energy, on
the other hand, was varied in the broad energy range including the phonon absorption range. As a
consequence the penetration depth of the pump, and therefore the excited volume, changed strongly (see
Fig. S6A).
To avoid this mismatch, we performed a set of the experiments in a reflection geometry employing the
polar magneto-optical Kerr effect (p-MOKE), see Fig. S6B. In reflection only a nearly homogeneously
excited thin top layer of the sample is probed. Hence these measurements form a way to determine the
genuine magnetization dynamics as a function of the pump photon energy.
Figure S6c,d show the pump-induced spin precession and extracted amplitude as a function of the pump
photon energy measured at constant power of the pump beam as performed in the Faraday transmission
geometry. Figure S6e,f show the results of a similar measurement, in this case performed in the reflection
(MOKE) geometry.
A significantly more pronounced resonant character of the excited spin precession as a function of the
photon energy is seen for the MOKE experiment compared to the Faraday rotation. We note that in
the MOKE experiment no excitation of the spin precession was observed after off-resonant excitation. In
contrast, in the Faraday experiment the spin oscillations were also clearly observed for the off-resonant
excitation, which reveals that their presence in the Faraday signal is a result of the integration of the
magneto-optical signal across the sample thickness. To summarize, the reflection geometry reveals the
highly resonant character of the excitation of the spin precession as function of the pump photon energy.
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Figure S6. Pump photon energy dependence (A) Optical absorption profile for the photon energy corre-
sponding to the probe (1550 meV) and two energies of the pump pulse. (B) Schematic of the penetration depth
of the pump pulse (85 meV) and the probe pulse (1550 meV) and the two measurement geometries. (C and E)
Transient polarization rotation (showing spin dynamics) of the 1550 meV probe pulse after excitation with pump
pulses of different energy in the transmission (C) and reflection (E) geometry. Thick solid lines are damped sine
fits. (D and F) Amplitude of the pump-induced spin precession measured in the transmission geometry via the
Faraday rotation (D) and the reflection geometry via the magneto-optical Kerr effect (F) as a function of the
pump photon energy. Amplitudes were extracted from the fits of the data in (C) and (E). The light-brown shaded
area corresponds to the loss function of the sample, as introduced in Fig. 1D (main text).
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C. Dependence on the orientation of the pump polarization plane
To reveal the excitation mechanism of the spin precession at different energies of the pump photon,
we focus on pump pulses having photon energies either resonant or off-resonant with the absorption line
of the phonon mode. We studied the dependence of the spin precession on the polarization of the pump
pulse for off- (165 meV) and on-resonant pumping (85 meV). Measurements were performed for a set
of four distinct orientations of the polarizations of the pump pulse. The orientations correspond to the
electric field of the pump pulse oriented either along or in-between the sample’s in-plane crystallographic
x- and y-axis (see Fig. S7A)
In the case of off-resonant pumping, we find that the orientation of the polarization of the pump
pulse determines the initial phase of the spin precession phase, as shown in Fig S7b. The polarization
dependence is reminiscent of the one expected for the inverse Cotton-Mouton effect (ICME) [22, 29], a
type of impulsive stimulated Raman scattering (ISRS), via which coherent spin precession is excited by
linearly polarized ultrashort pulses. In striking contrast to off-resonant pumping, no effect of the pump
polarization on the phase of the spin precession is observed when the sample is pumped at the photon
energy matching the phonon resonance, as is shown in Fig. S7C. A slight difference in frequency of the
observed oscillations is explained by a difference in fluence of the pump pulse used to excite the spin
dynamics (9.2 and 11 mJ/cm2). The absence of any dependence on the pump polarization is a strong
indication that a different excitation mechanism is at play.
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Figure S7. Pump polarization dependence. (A) The z-cut DyFeO3 with in-plane x and y crystal axes. The
polarization plane angle φ of the pump pulse with respect to the y-axis can be varied. (B and C) Pump-induced,
time-resolved Faraday rotation at various orientations of the polarization plane of the pump pulse. The data is
presented for the off-resonant excitation at the pump photon energy of 165 meV (B) and for the resonant pumping
at the pump photon energy of 85 meV (C). The sample was in the AFM phase, with a temperature of 30 K and an
applied magnetic field of 0.4 T. The strong polarization-dependent peak in vicinity of t=0 is due to the ultrafast
Kerr effect.
D. Temperature dependence
In the main text (Figure 3a) we reported the spin precession frequency obtained after exciting the
DyFeO3 sample at different pump photon energies as a function of temperature. Here we report the
time-domain dynamics of this mode following excitation energy in resonance with the phonon (85 meV)
and off-resonance in the transparency range (165 meV) from which the frequencies were extracted by
taking the spectra of oscillatory signals. Both the time-domain dynamics and the Fourier spectra are
shown in Fig. S8. The Fourier spectra show clear maxima corresponding to the spin precession mode,
with a softening close to the phase transition temperature around 51 K.
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Figure S8. Spin precession for various temperatures. (A and C) The oscillatory part of the probe polar-
ization rotation as a function of delay time between the pump excitation 165 meV (A), 85 meV (C) and the probe
at different sample temperatures. (B and D) The corresponding Fourier spectra of the time-domain dynamics
shown in panels (A), (C).
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E. Dependence on the fluence of the pump pulse
The spin precession frequencies were extracted from the waveforms corresponding to resonant (hν =
85 meV) and off-resonant (hν = 165 meV) phonon excitation for different fluences. The results are
shown in Fig. S9A. The frequency changes linearly with fluence in both magnetic phases for excitation
in resonance with the phonon. For the off-resonant excitation, the frequency is nearly independent of
the fluence. The corresponding time-dynamics from which these frequencies were extracted are shown in
Fig. S9B-E.
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Figure S9. Fluence dependence of the spin precession frequency. (A) Frequency of the spin oscillation as
function of the laser fluence. The open and solid points correspond to measurements at a pump photon energy
of 165 meV and 85 meV respectively. The red and blue data points correspond to the sample being in the AFM
and WFM phases, respectively. (C-E) Transient polarization rotation in the WFM phase after excitation with
165 meV (B) and 85 meV (C) pump pulses showing clear spin precession. The same measurements for these pump
pulses in the AFM phase are shown in (D) and (E) respectively. The frequencies of the solid (exponentially
damped) sine fits are shown in panel (A).
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F. Time-evolution analysis of the soft-mode frequency
In order to reveal the dynamics of the altered spin precession frequency, we estimated its emergence
and relaxation time, by performing a time-resolved analysis of the frequency of the spin oscillations.
Figure S10a,b show time-resolved traces of the spin oscillations in the AFM and WFM phases. The fits
with damped sine function were applied to time slices of the magnetic dynamics at consecutive time-
delays following the resonant pump excitation and reveal a gradual change in the frequency. To obtain a
deeper insight into the dynamics of the frequency we reduced the length of the section to approximately
half of the spin precession period. The ultimate resolution of this method is limited to a half-period of
the spin-precession time which amounts to around 5 ps. The extracted values of the transient frequencies
are shown in Fig. 2 in the main text. The uncertainty in x-values in this figure denote the width of the
time window which was used for the fit.
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Figure S10. Time-evolution of the spin precession frequencies. Time-resolved trace of the spin precession
dynamics in the (A) AFM phase (46 K) and in the (B) WFM phase (55 K). The color lines are fits with
exponentially damped oscillations applied to different time windows of the measured precession. The numbers
below show the central frequency of these oscillations extracted from the fits.
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S4 PHONON-DRIVEN CONTROL OF THE MAGNETO-CRYSTALLINE ANISOTROPY
A. Selective control of parameters defining the anisotropy
In order to study the impact of resonant pumping of the lattice vibrational mode on the temperature
dependence of the spin precession frequency, we initially assume that the resonant excitation changes one
of the two anisotropy parameters. These anisotropy parameter describe the magnetic potential (Eq. S1.)
We introduce renormalized (transient) anisotropy parameters for which the equilibrium values get an
addition ∆K2 and ∆K4 such that:
K2 −→ K2 + ∆K2
K4 −→ K4 + ∆K4 (S3)
Figure S11a and S11b demonstrate the effect of each of these additives on the temperature dependence of
the squared spin precession frequency f2. A qualitative comparison of these plots with the experimental
data shown in Fig. S11C points that the phonon pumping mainly influences theeK2 anisotropy parameter.
B. Reconstructing the transient potential using spin precession
As the curvature at the potential minimum defines the frequency of the soft mode oscillations, we
used the frequency of the spin precession excited by the ISRS-mechanism (off-resonant excitation at
hν = 165 meV) and by the phonon-pumping (resonant excitation at hν = 85 meV) to reconstruct the
exact profile of the potential function before (t < 0) and after (t > 0) the phonon-pumping. First we
determined the strength of the temperature independent K4 parameter by exploiting the fact that at the
transition temperature TM the anisotropy parameters are coupled by the relation:
2K2 (TM) = K4 (S4)
Hence, the temperature-independent value of the K4 anisotropy can be extracted from the square of the
angular frequency ω0 = 2pif0 exactly at TM, using Eq. S2 such that:
K4 (TM) = 2
(
M0
γ
)
ω20(TM)
ωexc
(S5)
The value of f20 for the oscillations excited by the lattice pumping can be found by intersecting the squared
frequency branches corresponding to the AFM and WFM phases as exemplified in Fig. S11C. The inset
in this figure shows that f20 is independent of the laser fluence and equals f20= 0.0192 THz2, matching
the value of the f20 in equilibrium. This complies with our conclusions that the phonon-pumping does
not affect K4. We used the following material parameters to extract the value of the K4 energy:
Table S1.
Parameters Calculated value
K4 (erg/g) [30] ωexc (THz) ρ (g/cm3) [30] M0 (µeV/(T u.c.)) γ (THz/T) Vu.c. (Å
3) [35] K4 (µeV/u.c.)
3.5·104 1565 8.0 1.16 · 103 0.028 262 40
The value of ωexc was calculated to match the experimentally defined value of K4 from Ref. [30] with
Eq. S5.
Once the value of the constant K4 is known, the temperature dependence of the constant K2 can be
extracted using:
K2 (T ) =
M0
γ
{
1
ωexc
ω2(T ), T < TM
K4 − 1ωexcω2(T ), T > TM
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Figure S11. Changing the soft-mode frequency. (A and B) Schematic of the squared spin precession
frequencies for the altered constants K2+∆K2 (A) and K4+∆K4 (B), indicated by dashed lines, following Eq. S3.
The temperature dependence of the spin precession frequency for the equilibrium values of the phenomenological
constants K2 and K4 is indicated by the solid black line. (C) The extracted frequencies after excitation off-
resonantly (black open triangles) and on-resonantly at different fluences (filled square markers). Intersection of
the two frequency branches leads to the value f20 , which is shown in the inset for different pump fluences.
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The results are presented in Fig. S12A and confirm that the phonon pumping changes the value of
K2. The change ∆K2 is continuous at TM and follows a linear dependence on the pump fluence, see
Fig. S12B. The evolution of the reconstructed magnetic potential before and after the excitation is shown
in Fig. S13A and S13B, respectively.
DK
2 (
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V/
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)
 WFM phase (55 K)
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Fluence (mJ/cm 2)
A B
Figure S12. Temperature and fluence dependence of the K2 anisotropy. (A) The anisotropy parameters
K2 and K4 before and after the phonon pumping as extracted from the temperature dependence of the soft mode
precession frequencies. (B) The phonon-induced additive ∆K2 to the K2 anisotropy as a function of the pump
fluence in the AFM (square markers) and the WFM (triangular markers) phase, with linear fits.
22
Figure S13. Evolution of the magnetic potential after phonon-pumping. Equilibrium (black, dashed line,
t < 0) and reconstructed transient magnetic potential (orange line, t > 0) after excitation of the phonon mode in
the AFM (A) and WFM (B) phase. The position of the ball indicates the magnetic ground state of the system
around which spin oscillations take place.
C. Effect of the laser fluence on the spin precession frequency and the anisotropy constant K2
The linear dependence of ∆K2 on the pump fluence signals a quadratic dependence on the amplitude
of the electric field of the pump pulse. This can be easily understood if we consider the expansion of
∆K2 in a series of the normal phonon coordinate QIR:
∆K2 = K2(QIR)−K2 = A1QIR +A2Q2IR + . . . , (S6)
with A1,2 being phenomenological constants. The phonon coordinate is defined as QIR = Q0 sin (2piΩIRt),
where Q0 and ΩIR are the amplitude and the frequency of the infrared-active phonon, respectively. Since
the frequency of the infrared-active phonon is significantly higher than the one of the spin precession
(ΩIR  f), Eq. S6 has to be time-averaged. The averaging shows that the phonon-driven additive
∆K2 is determined by the rectified part of the phonon-coordinate which depends quadratically on the
amplitude Q0, such that:
∆K2 =
1
2
BQ20. (S7)
Thereby it explains the observed quadratic dependence of the ∆K2 additive on the amplitude of the
driving electric field. To explain a possible physical origin of this quadratic dependence we performed a
set of the DFT simulations to find micorscopic sources of such nonlinear lattice-driven response.
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S5. NONLINEAR LATTICE DYNAMICS AND THEIR EFFECT ON MAGNETIC
INTERACTIONS
A. Theory DFT simulations
1. Technical details
We simulated the Pnma phase of DyFeO3 through density functional theory (DFT) [43, 44] and its
projected augmented wave (PAW) [45] flavour as implemented in the ABINIT package [46–48]. The
PAW atomic potentials used for Fe and O were downloaded from the GBRV pseudopotential library [49]
with 3s, 3p, 3d, 4s and 2s, 2p considered as valence states for Fe and O respectively. For Dy we used
the PAW atomic potential from M. Topsakal et al. [50], where the valence states are 4f , 5s, 5p and 6s
(with f electrons in the valence). We used the PBEsol GGA functional [51] for the exchange correlation
interaction and Hubbard corrections [52] on both Fe and Dy of respectively 4 and 7 eV have been used to
have the closest possible properties with respect to experiments (lattice constants). All the calculations
were done with a 6×6×4 mesh of k-points for the reciprocal space and a cut-off energy on the plane wave
expansion of 36 Hartree and 72 Hartree for the second finer grid inside the PAW spheres. To calculate
the phonons, the frozen phonon technique has been used through the phonopy software [53].
Table S2. Calculated DyFeO3 phonon IR active mode frequency (meV). The first column gives the mode label
of the Pnma structure with f electrons in the core and the second column the calculated frequency.
Phonon mode ΩIR (meV)
B1u(1) 13.14
B1u(2) 21.70
B1u(3) 31.00
B1u(4) 34.47
B1u(5) 39.92
B1u(6) 43.02
B1u(7) 48.72
B1u(8) 61.62
B1u(9) 67.32
B2u(1) 18.84
B2u(2) 20.08
B2u(3) 32.23
B2u(4) 37.19
B2u(5) 43.52
B2u(6) 60.75
B2u(7) 65.34
B3u(1) 12.40
B3u(2) 23.18
B3u(3) 29.01
B3u(4) 35.95
B3u(5) 38.31
B3u(6) 41.16
B3u(7) 52.57
B3u(8) 63.73
B3u(9) 65.09
2. Phonons
In Tables S2 and S3 we report calculated IR and Raman-active mode frequencies. Both the Raman
and IR active modes are in good agreement with the experiments and previous DFT calculations done
by Weber et al. [54]. The few small deviations between our results and the previous calculations can be
24
Table S3. Calculated DyFeO3 Raman active mode frequency (meV). In the first column we show the mode
label within the Pnma structure and in the second column we report the frequency of the mode. In the third
and fourth column we also report, respectively, the calculated frequencies and the experimental measurements
reported by Weber et al. in Ref. [54].
Phonon mode ΩR(meV) Ref. Exp.
Ag(1) 13.27 13.89 14.01
Ag(2) 16.49 16.74 17.36
Ag(3) 30.87 32.48 32.36
Ag(4) 40.67 41.16 42.28
Ag(5) 50.58 52.32 52.32
Ag(6) 50.58 51.45 51.70
Ag(7) 51.20 52.32 52.32
Ag(8) 59.51 60.75 61.49
B1g(1) 16.86 16.74 –
B1g(2) 30.38 31.00 –
B1g(3) 43.76 44.51 44.76
B1g(4) 51.95 52.94 52.94
B1g(5) 73.27 73.52 –
B2g(1) 13.27 13.51 13.76
B2g(2) 19.22 19.96 20.21
B2g(3) 36.95 38.56 40.29
B2g(4) 43.15 43.52 –
B2g(5) 58.77 59.76 61.25
B2g(6) 65.34 66.21 –
B2g(7) 75.63 75.88 77.36
B3g(1) 14.88 15.25 –
B3g(2) 38.06 38.56 –
B3g(3) 51.70 52.57 53.68
B3g(4) 56.41 57.03 58.77
B3g(5) 78.98 78.98 79.22
due to the use of different lattice parameters (experimental cell parameters were used by Weber et al.
while we used relaxed PBEsol cell parameters), to the different PAW atomic potentials or because we
used f-electrons in the valence for Dy.
3. Phonon-phonon coupling model
In our experiment the laser pulse excites the B1u(9) (Fig. S14A) and B3u(9) (Fig. S14B) modes having
the highest frequencies. These two modes are polar in the x and y-directions and correspond to a
stretching of the oxygen bonds.
We studied different possibilities of phonon-phonon coupling that can cause a change in the magnetic
interactions.
One possibility is the nonlinear coupling of IR modes to other phononic modes, dubbed nonlinear
phononics [8, 55]. According to this mechanism when large-amplitude atomic vibrations are excited,
a non-linear response sets in, causing a net shift of the lattice energy potential along a (Raman- or
Infrared-active) normal mode coordinate for a time given by the lifetime of the infrared-active phonon.
The ensuing net distortion can consequently change the magnetic interactions of Dy and Fe and result in
spin reorientation. To determine the relevant nonlinear phonon-phonon couplings, we used the potential
energy V (Q) containing several anharmonic phonon-phonon interactions:
V (Q) = ω2IRQ
2
IR + ω
2
RQ
2
R + CRQ
3
R + γ1QRQ
2
IR + γ2Q
2
RQ
2
IR +
1
4
dIRQ
4
IR +
1
4
dRQ
4
R (S8)
In Eq. S8, QX are mode amplitudes of phonon mode X (X = IR,R) with eigenfrequencies ωX. CR, γ1
, dIR , dR and γ2 are coefficients fitted against DFT data in the spirit of Ref. [56].
25
Figure S14. Highest frequency phonon modes Schematic picture of the polar component of the eigenvec-
tors of the highest-frequency infrared-active, polarized orthogonally B1u(9) (A) and B3u(9) (B) phonon modes.
Grey/green/orange spheres represent dysprosium/iron/oxygen atoms.
We have considered the highest IR frequency B1u(9) mode excited by the laser and its couplings to
each Ag mode because they are the first order couplings coming into play in the 20 atoms perovskite
Pnma phase. The Ag mode label being invariant under all the symmetry operations of the crystal, any
coupling order with this mode is allowed such that the lowest order coming is of the type QAgQ2B1u . As
one can see in Table S4, of all the coupling orders, the γ1 parameter gives the strongest coupling with
the B1u mode.
Table S4. DFT fitted coupling coefficients of Eq.S8 for B1u(9) coupling with Ag(1) and Ag(2) modes. The units
are (meV/(
√
amuA0)n).
Coupled modes CR dIR dR γ1 γ2
B1u–Ag(1) -0.004 0.0072 0.000 0.0681 0.000
B1u–Ag(2) 0.003 0.0072 0.000 0.1246 0.000
After having fitted the coupling coefficients between the B1u(9) mode and the Ag modes, we found
that the second lowest frequency Ag(2) mode (see its schematic representation in Fig. S15B) gives the
strongest coupling γ1, closely followed by the first one Ag(1) (see Fig. S15A.)
This also shows that considering the lowest Ag mode frequency by default is not necessarily physically
relevant since, for small frequency differences, if the coupling parameter γ1 is larger for the second highest
frequency mode than for the first one, it can dominate the dynamics of the system.
The main difference between the Ag(1) and Ag(2) modes is in the way the antipolar motions of Dy
ions are involved. Using the high symmetry reference cubic perovskite we can observe that the Ag(1)
mode is dominated by the cubic X point antipolar motion mode of Dy atoms (with coordinate [1/2, 0,
0] of the cubic Brillouin zone and symmetry label X−5 ), while the Ag(2) mode is dominated by the R
point mode (coordinate [1/2, 1/2, 1/2] of the cubic Brillouin zone and symmetry label R−4 ). By doing
the same analysis for the B1u(9) mode, we found that this polar mode is dominated by the M+2 cubic
mode label involving oxygen octahedral rotations (a0a0b+ in Glazer notation [57]) plus the polar mode
label Γ−4 (with polarization direction along the x direction) plus R
−
4 antipolar motions of the Dy atoms.
Note that the Dy atoms have a very small amplitude contribution to the mode eigenvector due to the fact
that at high frequency they are much less involved in the phonon vibrations. The fact that the B1u(9)
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allows, by symmetry, antipolar motions of Dy of the same type as the Ag(2) mode (R−4 label for both)
can explain why this Ag(2) mode has a larger coupling with the B1u(9) mode than the Ag(1) mode.
Figure S15. Lowest-frequency Ag phonon modes. Schematic picture of the eigenvectors of the Ag(1) (A)
and Ag(2) (B) phonon modes, as viewed from two different directions. Grey/green/orange spheres represent
dysprosium/iron/oxygen atoms.
4. Magnetic interactions
To study how the indirectly driven Ag modes can change the magnetic interaction between Dy and Fe,
we used a Green’s function method to calculate the superexchange interaction as a function of the Ag
modes amplitude following the scheme of Korotin et al. [58]. We report the evolution of the Dy-Fe and
Fe-Fe superexchanges with respect to both Ag(1) and Ag(2) mode amplitudes.
We observe that the two Raman-active modes can drive different modifications of the Fe-Dy superex-
change, which can be decomposed into eight contributions related to the eight Fe ions surrounding one
Dy ion as shown in Fig. S16A. In Fig. S16B,C it is shown that for example, J3 and J7 have opposite
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Figure S16. Dy-Fe superexchange as function of Ag mode amplitudes. (A) The Fe-Dy superexchange as
decomposed into eight contributions related to the eight Fe ions surrounding one Dy ion. The gray ball corresponds
to Dy and the green balls correspond to Fe; The empty dashed black circle corresponds to the equilibrium Dy
atom as if not displaced from the high-symmetry cubic position. (B and C) Superexchange interactions between
Dy and Fe as a function of the distortions along the (B) Ag(1) mode and (C) Ag(2) mode coordinate (color scheme
corresponds to the Dy-Fe bond color of panel A).
trends with respect to both Ag(1) and Ag(2) mode condensation, while all the other Ji have the same
trend. We also note that the Ag(2) mode has a larger effect on the J than the Ag(1) mode (a larger
slope of the linear J vs mode amplitude trend). Table S5 summarizes the linear variation of exchange
with respect to the amplitude of the mode (dJ/JdQ) for both Fe-Dy and Fe-Fe superexchanges. The
Ag modes affect much more the Fe-Dy exchange than the Fe-Fe one, the Fe-Fe exchange variation being
negligible.
Table S5. The normalized variation dJi/(JidQ) of the Fe-Dy and Fe-Fe exchange interactions as a function of the
normal phonon coordinate written for Ag(1) and Ag(2) modes.
Exchange Ag(1), % Ag(2), %
J1 -0.011 -0.047
J2 0.077 0.060
J3 0.022 -0.050
J4 -0.129 -0.081
J5 0.041 -0.067
J6 0.059 0.607
J7 -0.001 0.084
J8 0.037 0.289
Fe-Fe 0.001 0.001
To have the net change in exchange interaction between each ion and its neighbours, we summed all the
exchanges and fit the the data with a linear equation. Fig. S17 shows the change in this net superexchange
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Figure S17. Dy-Fe superexchange vs. Ag mode amplitude. Change in the net superexchange interaction
between each Dy ion and its eight Fe neighbours for Ag(1) (blue line) and Ag(2) (brown line). The result is
obtained by summing up the eight contributions shown in Fig. S16
for the Ag(1) and Ag(2) modes. As can be seen, the Ag(2) mode has a slightly larger slope compared to
the Ag(1) mode and if we include the larger coupling of this mode to the B1u(9) mode we could say that
this mode has bigger effect in modifying the interaction between Dy and Fe. However, both interactions
result in a change with same sign and the final change in the superexchange will be the sum of the two
contributions.
As stated before, the Ag(1) mode is dominated by cubic X-point antipolar motions of Dy while the
Ag(2) mode is dominated mainly by the cubic R-point motions of Dy which might play a role in making
the exchange interactions more sensitive to this mode. We thus conclude that it is the Ag(2) mode
excitation which modifies the Fe-Dy superexchange in the DyFeO3 dynamics the most and that it can be
a driving force of the light-induced renormalization of the magnetic anisotropy potential.
B. Experimental indications of nonlinear lattice dynamics
In order to gain insight in the structural dynamics induced after phonon excitation, the transient state
of the sample was monitored through time-resolved second harmonic generation (SHG) of the probe pulse
at the photon energy of 1.55 eV in a reflection geometry. The SHG signal at a photon energy twice the
original (3.1 eV) was measured simultaneously with the rotation of the probe polarization plane in the
transmission (Faraday geometry), as is schematically shown in Fig. S18A. In equilibrium, DyFeO3 has
a centrosymmetric structure at all temperatures and therefore no second harmonic signal is observed.
However, as the pump pulse is tuned in resonance with the phonon mode, a transient, second harmonic
signal appears, as shown in Fig. S18B. The strongly wavelength-dependent signal is not observed when
the pump pulse energy is off-resonant with the phonon-mode. Examples of these traces are shown
in Fig. S18C comparing on-resonant and off-resonant excitation. The wavelength-dependence implies
that the second harmonic signal is phonon-driven and indicates the strong connection between phonon-
excitation and the transient state of the lattice. An important note must be made that this signal had
a strong dependence on the relative orientations of the pump and probe pulse polarization. The largest
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SHG signal was measured with orthogonal pump and probe polarization (and the measured component
of the second harmonic signal parallel to the pump polarization). Compared to the polarization rotation
of the transmitted probe (which was used to determine the time zero overlap with the pump), the signal
shows a non-trivial delay, followed by a slow rise, peaking after around 4 ps. Upon decay, oscillations in
this signal appear after 5 ps, which are shown in Fig.S18D. The FFT spectrum of this oscillatory signal is
shown in Fig. S18E. The oscillations have a central frequency of 2.8 THz (11.6 meV), close to the lowest-
energy Ag(1) and B3u(1) mode (see Table S3 and Table S2). This is a strong indication that, following
the concept of nonlinear phononics, excitation of the highest-energy lattice vibrations leads dynamics of
lower energy modes.
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Figure S18. Transient second harmonic generation. (A) Schematic of the experimental setup. The second
harmonic signal generated by the probe pulse after mid-infrared excitation is measured simultaneously with the
transmitted probe (Faraday rotaton). (B) Transient second harmonic signal after excitation at different pump
energies. (C) Transient second harmonic generation after off-resonant (146 meV) and resonant (78 meV) excita-
tion. (D) The oscillations in the second harmonic signal appearing after 4 ps, after subtracting the background.
(E) Fourier spectrum of the oscillations in the second harmonic signal in (D). The thick solid line is a Gaussian
fit.
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S5. ULTRAFAST PHONON-DRIVEN MAGNETIC PHASE TRANSITION IN DyFeO3
A. Magnetic component of the transient dynamics
In the main text in Fig. 4, the Faraday rotation after phonon excitation is presented for a set of progres-
sive excitation fluences. To avoid an influence of possible artefacts of nonmagnetic origin, we performed
the measurements of polarization rotation θR in vicinity of the Morin transition at two polarities of the
applied magnetic field H. The Faraday rotation θF was then calculated as the difference
θF =
[
θR(H
+)− θR(H−)
]
. (S9)
This is exemplified in Fig. S19. It is this resulting Faraday rotation which was presented in Fig. 4 in the
main text.
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Figure S19. Transient magnetic dynamics after phonon excitation. (A) Transient polarization rotation as
a function of delay time between the pump excitation (85 meV) and the probe for two applied fields with opposity
polarity (± 0.4 T) at the maximum fluence of 15.8 mJ/cm2. (B) Resulting Faraday rotation after subtracting the
traces in (A) according to Eq. S9
B. Temperature and field dependence
Figure S20a shows the magnetization dynamics after resonant phonon excitation for different temper-
atures for a pump fluence I which exceeds the threshold value Ic, I > Ic. A substantial increase in the
magnetic signal close to the transition is observed. It is this offset at long time delay vs. temperature
T which is shown in Fig. S20B. Similar measurements at a pump fluence below the threshold value led
to the other data in this figure. The pump-probe measurements in which the phase transition from the
AFM to the WFM state was studied, were all performed using a magnetic field. The field is necessary
to lift the degeneracy of the WFM states having magnetization directed either parallel or antiparallel
with the z-axis. The applied field has an influence on the HT-region in which the transient phase transi-
tion is observed. This is shown in Fig. S20C, where the magnitude of the photo-induced magnetization
is summarized for different applied magnetic fields and temperatures. The transition region shifts to
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Figure S20. Ultrafast phonon-driven magnetic phase transition in DyFeO3. (A) Time-resolved dynamics
of the Faraday rotation after resonant excitation (85 meV) as a function of the sample temperature across the
Morin transition for the pump fluence above the threshold Ic. (B) Induced magnetization after resonant excitation
as extracted from the data in (A) at t=275 ps (I > Ic) and from a similar dataset with lower fluence (I < Ic).
(C) The maximal value of the photo-induced magnetization as a function of the temperature and magnetic field.
lower temperatures with larger applied field, resembling the behaviour of the Morin temperature TM in
equilibrium (see Fig. S2A).
C. Non-thermal kinetics of the phonon-induced magneticc phase changes.
It is important to compare the observed kinetics of the ultrafast Morin phase transition launched via the
phonon-pumping with those driven via a dissipative mechanism. Therefore we performed an auxiliary
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experiment in which the sample was excited with visible light having a photon energy of 2.3 eV and
3.1 eV, above the change-transfer electronic gap [42]. Here the optical absorption is large (≥103 cm−1),
see Fig. S5 and the transition is expected to be driven by the heat deposited in the medium. As was
shown in the main text, Fig. 4D, the experiment shows that although the spin oscillations are launched
nearly instantaneously for high photon energy excitation with pump fluences similar to those for the
phonon-pumping, it takes more than 30 ps before a photo-induced magnetization ∆M starts to appear
and about 100 ps to complete the growth. This is shown again in Fig. S21 and compared to the phase
transition dynamics after excitation of the phonon mode. This indicates that the heat-driven evolution
of the potential is significantly slower than the one guided by coherent pumping of the lattice. Note that
the optical absorption at the above-bandgap energy of 2.3 eV and especially 3.1 eV is significantly larger
than the optical absorption due to phonons at 85 meV. The relatively slow dynamics can be explained
by the slow heat transfer from the excited electrons to the 4f electrons of Dy3+, which determine the
dynamics of the magnetic potential [59]. This kinetics stands in a sharp contrast with the one studied
here by phonon pumping where the potential is altered on a timescale shorter than a single-cycle of the
coherent spin precession. All this leads us to conclude that a very different mechanism from regular
heating is at play in the case of phonon pumping.
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Figure S21. Heat-induced vs. phonon-driven magnetic phase transition in DyFeO3. Faraday rotation
of the probe pulse (H = ± 0.3 T) after above-bandgap excitation with a pump pulse with photon energy of 2.3 eV
(green trace) and 3.1 eV (blue trace). To compare, the kinetics of phonon-induced phase transition after excitation
at 85 meV are shown (orange dashed trace)
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